Permeability of the blood-tumor barrier is enhanced by combining vascular endothelial growth factor with papaverine.
This study aims to determine the effects of vascular endothelial growth factor (VEGF), papaverine (PA), and the combination of VEGF and PA on the permeability of the blood-tumor barrier (BTB) and to determine possible molecular mechanisms contributing to the effects. In the rat C6 glioma model, the extravasation of Evans blue (EB) through the BTB was increased significantly by VEGF and PA. VEGF-induced and PA-induced increase of EB extravasation was further increased after combining VEGF with PA infusion. Transmission electron microscopy (TEM) showed that the combination of VEGF and PA not only opened tight junctions (TJ) dramatically but increased the presence of pinocytotic vesicles of brain microvascular endothelial cells (BMECs) significantly. Meanwhile, the downregulation of the TJ-associated proteins occludin and claudin-5 and the upregulation of the caveolae structure proteins caveolin-1 and caveolin-2 caused by the combination of VEGF and PA were observed by Western blot and immunohistochemistry, which were more remarkable than those by the two strategies separately. In addition, after VEGF and PA infusion, the results of radioimmunoassay, Western blot, and enzyme-linked immunosorbent assay (ELISA) revealed a significant increase in expression levels of cGMP and protein kinase G-1 (PKG-1) and the activation of nuclear factor-κB (NF-κB) p65. This study demonstrates that combination of VEGF and PA can increase the permeability of the BTB by a paracellular pathway (downregulation of occludin and claudin-5) and a transcellular pathway (upregulation of caveolin-1 and caveolin-2) and that the cGMP/PKG/NF-κB signal pathway might be involved in the modulation process.